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Introduction 1
Tidal turbines are a power source that shows many significant advantages over other solutions [1] . No c, l, r, N turbine chord, span, radius and number of blades m C n , C t normal and tangential force coefficients, C n/t = F n/t 1 2 ρclv 2 r / the tangential force creates torque and is the useful part of the hydrodynamic force the normal force creates no torque η power coefficient, η = Table 1 : Nomenclature remain questionable [9] . Being able to accurately compute the unsteady forces is mandatory in order to 20 optimize the pitch function, which is why a RANSE simulation was developed.
21
The purpose of the present work is to implement and validate a 2D RANSE simulation of a lifting foil 
30
The purpose of the present work is to present the implementation of a 2D unsteady RANSE simulation 31 of a lifting surface undergoing two simultaneous motions : a Darrieus kinematic, which is a rotation around 32 a point away from the foil ; and a dynamic pitch control, defined as a rotation around the quarter chord,
33
adapting the angle of attack of the lifting surface to the local flow state. This second kinematics is aimed 34 at performance improvement and radial forces reduction. The quantities of specific interest are the forces 35 and torques applied to the blades, and the flow around the whole system. Cross-flow turbines feature complex fluid phenomena, and have first been studied using momentum based 39 models for overall performance prediction. These models cannot predict local flow accurately, and can fail 40 in unsteady forces prediction. Unsteady CFD appeared as a good solution to overcome these limitations.
41
First computations of this kind were implemented for cross-flow turbines in the late 1990's. probes accuracy were not mentioned. Furthermore, the tangential force is an order of magnitude lower than 100 the normal force, which makes its measurement accuracy even more questionable. However theses results
101
are the most detailed available at the time this article was written. Two separate campaigns were considered 102 in order to reduce as much as possible such uncertainties.
103
The measured quantities in this study are the normal and tangential force coefficients defined by equations
The tangential force generates torque, whereas the normal force 
180
• y 0 order to compute viscous layers accurately. A convergence study on spatial discretization was carried out.
140
Three different meshes were built, including respectively 200 000, 300 000 and 400 000 elements. Flow at 141 turbine center divided by inlet flow is the quantity used as the convergence criteria, in order to accurately 142 measure the upstream-downstream interaction. Mesh independence is obtained for 300 000 elements. Table   143 3 shows the results for case 2. The final mesh consists of 50 000 cells in the center, 100 000 in the outer 144 part, 150 000 in the ring.
145
The blades pitch angles are changed over time. Previous studies implemented that feature through . This value will be used in 162 the following study. The results for case 4 after 9 revolutions can be found figure 3. 
173
However this work aims at the optimization of a pitch angle function, which will require many cases to be revolutions case 1 case 2 case 3 5 1,34% 6,40% 8,03% 6 0,56% 4,11% 5,03% 7 2,50% 3,14% 8 1,33% 1,83% 9 0,54% 0,82% 
215
Case 2 is shown in figure 7 . Computed upstream C t is 50% higher than measurements. In the downstream 
Variable pitch 238
In order to optimize the device, a variable cyclic pitch is added in the computation. The main goal 239 of pitch control are to increase torque and decrease non-productive C n ; to smooth the forces during the 240 turbine rotation ; and to control cavitation inception.
241
Sinusoidal pitching was implemented in the present simulation for case 2, λ = 5. This case was chosen
242
since it has the highest η : .362 (see figure 3 ). This value is high compared with existing crossflow turbines,
243
for which TSR usually range from 3 to 4 for low solidity turbines [38] . The aim of the present paper is not 244 to provide solution to the pitch law optimization problem, but to validate a model and a workflow. This is 245 why it was not mandatory to choose a nominal λ value.
246
However, unlike all crossflow wind turbines and most tidal turbines, the targeted configuration of this 247 project is a tidal turbine where holding arms are outside of the water, and the blades are cantilevered.
248
The parasitic arm and junction drag is thus almost cancelled, which enables a turbine λ increase. Even 249 without this feature, recent researches on strut arrangements showed that inclined struts can be beneficial 250 to efficiency [39] . In addition to that, it is believed that multi-objective optimization of the pitch law would 251 result in a nominal λ increase, since main shaft torque, thus generator or gearbox cost would decreased.
252
This would require λ to be a parameter of the optimization, which is outside the scope of this paper.
253
Three frequencies were tested, namely the first, second and third harmonics, corresponding respectively to • to 4
• were tested for each frequency. Absolute difference between C t with fixed and variable pitch is shown in figure 14 . Both f1a-2 and f2a2 275 exhibit similar behavior on the upstream part. C t is increased at the beginning of the upstream section, and 276 after 40
• the difference decreases, and becomes negative for f2a2. At 85
• it starts increasing again, and both This is due to the velocity reduction induced by the upstream part, which reduces the angle of attack. rather than the transverse component or the magnitude was chosen, since it is the energy source from which 318 the turbine can produce power. Fixed pitch is shown in figure 17a , and variable pitch f2a2 is shown in figure   319 17b. The first difference observed is the wake at the transition between upstream and downstream parts, formation. These plateaux remains quite thin, which means complete stall is avoided. However these C p 336 singularities create disturbance in the flow which should be avoided. f2a2 shows no sign of stall, and its lower 337 C p peak would result in lower cavitation sensitivity. On the downstream part however, the higher angle 338 of attack associated with f2a2 results in a higher C p peak, with a maximum value equal to the maximum 339 upstream value. Again, this means that a more levelled energy extraction is obtained with this law. f2a2 
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